Microcystin's (MCs) are toxins produced by several groups of cyanobacteria, in water bodies throughout the world, in a process which is being intensified by human action. Among the variants of MCs, MC-LR stands out for its distribution and toxicity. MCs are potent inhibitors of protein phosphatases 1 and 2 A, which causes disruption of the cytoskeleton and consequent cell death. They can also alter the antioxidant system and induce oxidative stress in various organs of many species. There is, however, a lack of information about the effects of MCs on the antioxidant system and oxidative damage in Brazilian fishes. This study evaluated the effect of microcystin-LR on the antioxidant system in liver and gills of the Brazilian fish Brycon amazonicus, after 48 h of i.p injection of 100 mg MC-LR.kg À1 body mass. The liver exhibited increases in the activity of GST (74%) and GPx (217%), and a 47% decrease in SOD activity, with no changes in CAT values. In the gills of fish exposed to MC-LR, CAT and GPx activities did not show significant changes, while SOD and GST activity decreased by 66% and 37%, respectively. The GSH content did not change significantly in the liver, however, a decrease of 43% was observed in the gills. Oxidative damage measured by protein oxidation (PC) and lipoperoxidation (LPO) showed significant effects in both tissues. In hepatic tissue, there was no change in PC levels but LPO increased by 116%. Conversely, in the gills LPO levels did not change but PC increased by 317%. In conclusion, these data show that MC-LR induces oxidative damage in both tissues but in different ways, with being liver most sensitive to LPO and gills to PC. This also suggests that the gills are most sensitive to oxidative stress than liver, due to the inhibition of its antioxidant responses following MC-LR exposure.
Introduction
The driving influence of anthropogenic activities on eutrophication in water bodies all over the world is probably one of the main features of society today. (Carmichael, 2008) . Various problems arise with eutrophication, including the development of the cyanobacterial blooms. This process consists of intense proliferation of cyanobacterial cells forming large masses of green color at the water surface (Reynolds, 1984) . In general, a large proportion of the cyanobacterial blooms produce harmful toxins called cyanotoxins (Martins et al., 2011) , with the most dangerous group being considered the microcystins (MCs) (Chorus and Bartram, 1999) . Among the 80 variants of MCs (Fastner et al., 2002) , microcystin-LR (MC-LR) stands out for its high frequency of occurrence in natural environments and the large number of studies on its structure and mechanisms of action (de Figueiredo et al., 2004) .
The classical mechanism of microcystin toxicity in animals is related to inhibition of protein phosphatases, especially types 1 and 2A (PP1 and PP2A) (Mackintosh et al., 1990) , leading to disruption of the cytoskeleton and consequent cell death, especially in hepatocytes (Carmichael, 1994) . Aside from this mechanism, several studies have also shown that microcystin alters the antioxidant system and induces oxidative stress in various different organs of many aquatic animal species (Pavagadhi and Balasubramanian, 2013) . According to Ding et al. (2002) MCs are capable of disrupting the mitochondrial electron transport chain (ETC), which favors generation of reactive oxygen species (ROS). At high concentrations, ROS can damage cells and tissues by reaction with proteins, lipids and nucleic acids, inducing functional alterations and even cell death (Brieger et al., 2012) . Cells have an antioxidant system to maintain redox homeostasis and prevent oxidative damage, with enzymatic and non-enzymatic mechanisms. The enzymatic defenses include superoxide dismutase (SOD), catalase (CAT), glutathione-peroxidase (GPx) and glutathione S-transferase (GST), while non-enzymatic defense involve vitamins (C, E and A) and glutathione (Wilhelm-Filho and Marcon, 1996; Pflugmacher et al., 1998) .
Several studies have confirmed that excessive generation of ROS and oxidative damage due are related to MC toxicity both in natural environments (Qiu et al., 2007; Adamovsky et al., 2007) and under laboratory conditions (Li et al., 2003; Jos et al., 2005; Prieto et al., 2006) . Moreover, there is evidence that MCs can alter antioxidant system responses in gills, liver, heart, kidney and other tissues of fishes (Atencio et al., 2008; Jos et al., 2005; Prieto et al., 2006 Prieto et al., , 2007 Li et al., 2003; Pflugmacher et al., 1998) .
Despite all these studies, there is no published data available regarding effects of MCs on the antioxidant system and oxidative damage in Brazilian fishes. The matrinxã Brycon amazonicus is a species endemic to the Amazon and Araguaia-Tocantins basin (Margarido and Galetti, 1996; Howes, 1982) , and it has major economic importance and potential for aquaculture in Brazil, due to its excellent meat quality (Scorvo-Filho et al., 1998) . This study evaluated the effect of microcystin-LR on the antioxidant systems of Brycon amazonicus, in terms of the activities of antioxidant enzymes (SOD, CAT, GPx and GST), non-enzymatic antioxidant concentrations (reduced glutathione -GSH), plus oxidative damage as lipid and protein oxidation levels in the liver and gills.
Material and methods

Ethics in Animal Experimentation
This study was conducted in accordance with the Brazilian legislation (Law #11.794, October 8, 2008) . All capture, holding and experimental techniques were performed under the approval of the Committee of Ethics in Animal Experimentation (CEUA -approval #062/2011) of the Federal University of São Carlos.
Chemicals
All chemical reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Merck (Darmstadt, Germany).
Fish
Brycon amazonicus, (WT ¼ 210.0 ± 42.1 g) were obtained at the Santa Candida fish farm, Santa Cruz da Conceição, São Paulo State, Brazil. Fish were held for 30 days prior to experimentation, in 1000 L holding tanks with a continuous supply of aerated and dechlorinated water at 24 ± 2 C and under natural photoperiod (*12:12 L:D). During this period, they were fed ad libitum with commercial pellets (24% protein). The water quality parameters were maintained nearly constant: dissolved oxygen (7.0e7.5 mg L À1 ), pH (7.1e7.4), conductivity (125e130 lS cm À1 ), alkalinity (35e43 mg L À1 as CaCO 3 ), and total hardness (39e50 mg L À1 as CaCO 3 ) (Monteiro et al., 2010) .
Experimental design
After acclimation, specimens of B. amazonicus were divided into two groups: Control fish (Ctrl, n ¼ 8) and fish exposed to the toxin (Mcys, n ¼ 8). The Mcys group received an intraperitoneal injection (0.5 mL of 0.9% saline) of the lyophilized extract containing the toxin microcystin-LR (MC-LR) at a concentration of 100 mg kg À1 body mass, while the control group (Ctrl) received only saline injections (0.5 mL of 0.9% saline). All the tissues for both groups were collected 48 h after the injections.
The lyophilized extract containing MC-LR was provided by the Cyanobacterial Research Unit of the Federal University of Rio Grande e FURG, Rio Grande do Sul State, Brazil. Confirmation of microcystin quality was performed as described in Matthiensen et al. (2000) and the same extract was tested and its toxicity confirmed by Montagnolli et al. (2004) . The dose used in this study (100 mg MC-LR. kg À1 body weight) was based on previous studies by our group, which indicated that this concentration causes sub e lethal effects on tropical fishes (Martins et al., 2011) .
Tissue samples
At 48 h post injection, fish were killed by transecting the spinal cord. The fish mass was recorded and then the gills and liver were carefully excised and washed with cold physiological saline (0.9% NaCl). Samples were immediately frozen in liquid nitrogen and then stored at À80 C until biochemical analyses.
Antioxidant enzymes
Details of the biochemical procedures used to analyze antioxidant enzymes are reported in Monteiro et al. (2010 Monteiro et al. ( , 2013 , based upon a spectrophotometric method (Spectronic Genesys 5, Milton Roy Co., Rochester, NY, USA) at 25 C.
The samples of frozen tissue were rapidly weighed and then homogenized at 18,000 rpm in a Turratec TE 102 (Tecnal, Piracicaba, SP, Brazil), in a 0.1 M Na þ /K þ phosphate buffer pH 7.0 at a ratio of 1: 5 w/v. The homogenates were then centrifuged at 12,000 rpm for 30 min at 4 C and the supernatants used for the SOD, CAT, GST and GPx activity assays. The SOD activity was measured as described by Floh e and € Otting (1984), based on determination of the reduction rate of cytochrome c by superoxide anions, monitored at 550 nm, utilizing the xanthineexanthine oxidase system as the source of superoxide radicals. One unit of SOD was defined as the amount of enzyme which inhibited the rate of cytochrome c reduction, under the specified conditions, by 50%. SOD values were expressed as units per mg of protein. The CAT activity was measured according to Aebi (1974) , by decreasing the H 2 O 2 concentration at 240 nm. One unit of CAT (according to Bergmeyer) is the amount of enzyme that liberates half the peroxide oxygen from the H 2 O 2 solution of any concentration in 100 s at 25 C. CAT values were expressed as Bergmeyer units (B.U.) per mg of protein.
The GPx activity was measured by a coupled assay with GR catalyzed oxidation of NADPH (Nakamura et al., 1974) at 340 nm. The activity of GPx was expressed as mU mg protein À1 and 1 mU was defined as 1 nmol of NADPH. Measurement of GST activity was as described by Habig et al. (1974) using 1-chloro-2, 4-dinitrobenzene (CDNB) as a substrate. The activity was measured as the amount of enzyme catalyzing the formation of 1 nmol of the product min À1 mg À1 of protein, using a molar extinction coefficient
Determination of reduced glutathione concentration (GSH)
Reduced glutathione (GSH) concentration were measured as described by Beutler et al. (1963) using Elmann's reagent (DTNB). Supernatants of the acid extracts (1:1 v/v with 12% TCA) were added to 0.25 mM DTNB in 0.1 sodium phosphate buffer, pH 8.0, and thiolate anion formation was determined at 412 nm against a GSH standard curve (Monteiro et al., 2006) .
Lipid peroxidation (LPO)
The xylenol orange assay for lipid hydroperoxide (FOXdferrous oxidation-xylenol orange) was performed as described by Jiang et al. (1992) . The lipid hydroperoxide was determined with 100 mL of sample (previously deproteinized with 10% trichloroacetic aciddTCA) and 900 mL of reaction mixture containing 0.25 mM FeSO 4 , 25 mM H 2 SO 4 , 0.1 mM xylenol orange and 4 mM butylated hydroxytoluene in 90% (v/v) methanol. Blanks contained all components without supernatant. The mixtures were incubated for 60 min at room temperature prior to measurements at 560 nm. Cumene hydroperoxide (CHP) was used as a standard. Lipid hydroperoxide levels were expressed as nmoles of CHP per mg protein (Monteiro et al., 2010 (Monteiro et al., , 2013 .
Protein oxidation (PC)
The protein carbonyl (PC) content was assayed as described by Reznick and Packer (1994) . Frozen tissue samples were homogenized in 50 mM K 2 PO 4 buffer containing 1 mM EDTA and 40 mg mL À1 phenylmethylsulfonyl fluoride (PMSF) and then centrifuged at 10,000 rpm for 10 min. Supernatants were reacted with 10 mM DNPH in 2.5 M hydrochloric acid for 1 h at room temperature and precipitated with 50% TCA. After centrifugation at 10,000 rpm for 10 min, the pellets were washed three times with 1 mL of ethanol/ethyl acetate (1:1 v/v) mixture, then dissolved in 6 M guanidine hydrochloride and centrifuged to pellet the insoluble particulate fraction. The carbonyl content was measured spectrophotometrically at 370 nm. The results were expressed as nmol of carbonyl per mg protein based on the molar extinction coefficient of Ɛ 370 ¼ 22 mM À1 cm À1 (Monteiro et al., 2013) .
Protein content
Protein determination was as described by Bradford (1976) with Coomassie Brilliant Blue G-250 adapted to a microplate reader as described by Kruger (1994) using bovine serum albumin as a standard (595 nm).
Statistical analysis
The values in all determinations are presented as mean ± SEM, only statistical differences at a 5% level (P < 0,05) were considered significant. For comparisons between experimental groups (Mcys and Control) parametric t tests were applied. The Kolmogorov and Smirnov method was used to evaluate normality of the samples and F test was to evaluate homogeneity of variances (Prism GraphPad v. 5.0, GraphPad Software Inc., San Diego, CA, USA).
Results
Antioxidant enzymes activities
In the liver, exposure to MC-LR induced significant increases in activity of GST (74%) and GPx (217%), and a 47% decrease in the SOD activity. Exposure to MC-LR had, however, no significant effect on CAT activity in this tissue (Fig. 1) . In the gills, exposure to MC-LR had no effect on CAT and GPx activities, when compared to the Control group. However, GST and SOD exhibited significant reductions in their activities in the Mcys group, by 37% and 66% respectively. These results are shown in Fig. 2. 
Reduced glutathione concentration (GSH)
The GSH levels in liver did not differ among Mcys and control groups but the Mcys group exhibited a 43% decrease in the gills, when compared to controls (Fig. 3) .
Oxidative damage (PC and LPO)
Increases in protein carbonyl (PC) content, indicative of protein oxidation were not observed in the liver of fish exposed to MC-LR. By contrast, however, there was a significant increase (317%) in PC levels in the gills of Mcys group fishes, as can be seen in Fig. 4(a) .
The lipid peroxidation, measured by the variation in the equivalent levels of cumene hydroperoxide (CHP), was 116% higher in the liver of Mcys than in controls. No changes were observed, however, in LPO levels in the gills of fish exposed to MC-LR (Fig. 4  b) .
Discussion
Changes in elements of the antioxidant system have been used as biomarkers of susceptibility to cell damage caused by reactive oxygen species (ROS). The antioxidant enzymes can alter their expression and/or activity in response to oxidative stress, and this can be an important adaptation to stress induced by various pollutants (Livingstone, 2001; Zhang et al., 2004) . There is increasing number of studies working on the molecular mechanisms of MC toxicity in a wide variety of animal groups. Most studies confirm the classic mechanism of MCs toxicity by the inhibition of phosphatases PP1 e PP2A (Mackintosh et al., 1990) . This was reported as a mechanism where the toxin first binds to the enzyme inactivating it and subsequently forms covalent adducts during prolonged reaction-time (Mackintosh et al., 1990; Craig et al., 1996) . Protein phosphorylation/dephosphorylation is a dynamic process and an important pathway for the regulation of protein activity in cells, which is catalyzed by phosphatases and kinases (Campos and Vasconcelos, 2010) . The inactivation of PP1 and PP2A leads to disruption of the cytoskeleton and consequent cell death, especially in hepatocytes (Carmichael, 1994) .
Besides the inhibition of phosphatases, MCs can also affect the DNA repair systems and expression of genes (Ariza et al., 1996; Douglas et al., 2001) , being able to interact with the mitochondria of animal tissues, causing oxidative stress and apoptosis. Recently, studies have demonstrated the effects of MCs on a wide variety of proteins and enzymes involved in key cellular processes, such as DNA repair (NER, DSB, NHEJ), apoptosis (CaMKII, P53, Bcl-2), carcinogenesis (Nek2, MAPKs) and antioxidant system (CAT, SOD, GPx, GST). The high number of systems influenced by the action of MCs shows its complex toxicity (Douglas et al., 2001; Ding et al., 2000; Ding and Ong, 2003; Lin et al., 2006; Jos et al., 2005; Atencio et al., 2008; Prieto et al., 2006 Prieto et al., , 2007 Li et al., 2003; Pflugmacher et al., 1998; Gehringer, 2004) .
In this study, exposure to MC-LR induced oxidative stress in the liver and gills of B. amazonicus, by alteration in the activities of the antioxidant system. This led to increases in lipid peroxidation (LPO) and protein oxidation, indicating oxidative damage in the liver and gills.
Glutathione peroxidase (GPx) is acts by catalyzing the reduction of H 2 O 2 and hydroperoxides of fatty acids, converting them into water or non-toxic alcohols through oxidation of reduced glutathione (GSH) into oxidized glutathione (GSSG) (Nordberg and Arn er, 2001; Shan et al., 1990) . The increase in GPx activity in .body weight) or under control conditions. Values are mean ± S.E.M, n ¼ 8.* Significant difference in relation to the control (P < 0.05). .body weight) or under control conditions. Values are mean ± S.E.M, n ¼ 8.* Significant difference in relation to the control (P < 0.05).
liver of matrinxa exposed to MC-LR may indicate H 2 O 2 formation in that tissue. Jos et al. (2005) and Prieto et al. (2006) also observed increases in GPx activity in liver and kidney of Nile tilapia Oreochromis niloticus exposed to MC-LR by various different routes. The reduced activity exhibited by CAT may reflect an inhibition of its activity by the accumulation of superoxide anion (Chance et al., 1952; Kono and Fridovich, 1982) , as a reduction of SOD activity was observed in the liver of Mcys group, this being the enzyme that plays the major role in superoxide anion dismutation. An inhibition of SOD activity by MC-LR in fishes was also observed by Atencio et al. (2008) and Prieto et al. (2007) . These authors suggested that acute doses of microcystin inhibited antioxidant responses while chronic exposure could lead in an induction of defensive responses, thus creating a possible scenario that explains the SOD inhibition found in the current study.
The glutathione S-transferases are a family of detoxification enzymes which catalyze the conjugation of GSH to a wide variety of endogenous and exogenous electrophilic compounds, such as therapeutic drugs, environmental toxins and oxidative stress products (Hayes et al., 2005; Leaver et al., 1997) . According to Pflugmacher et al. (1998) the main route for detoxification of microcystins is through conjugation with GSH, by GST activity, to form less toxic soluble compounds, so preventing cellular lesions. Thus, it is possible that the increased GST activity in liver observed in the current study was a response to MC-LR intoxication. The liver is the main detoxification organ for microcystins, thanks to the large contents of GSH, which forms soluble complexes with Mcs that are can then be excreted. (Pflugmacher et al., 1998) . The GSH is a substrate of enzymes such as GST and GPx, and exerts a considerable portion of its action through this enzymes activity. Thus, the maintenance of GSH levels is a pre-requisite for adequate functioning of the antioxidant system (Jones, 1995) . The levels of GSH in liver did not show any significant alteration despite the increases in GPx and GST activity in this tissue, findings that were observed by others authors in studies with tench Tinca tinca and goldfish Carassius auratus exposed to oral and intraperitoneal doses of MCs (Qiu et al., 2007; Malbrouck et al., 2004; Atencio et al., 2008) . It has been suggested that the maintenance of normal levels of hepatic GSH is related to high basal levels of this peptide in the liver, which are capable of supplying sufficient amounts of GSH to the enzymes, even when they increase their activities in response to MC intoxication.
Lipid peroxidation (LPO) has been described as the major contributor to the loss of cellular function under oxidative stress (Storey, 1996) , besides being the most studied component of oxidative damage in biological systems (Tocher et al., 2002) . The .body weight) or under control conditions. Values are mean ± S.E.M, n ¼ 8.* Significant difference in relation to the control (P < 0.05).
mechanism involves alterations to cell membrane structure leading to disturbances in permeability, ionic flux, DNA changes and LDL oxidation, ultimately causing cell death (Baber and Harris, 1994; Halliwell and Gutteridge, 2000) . Given that the typical means of oxidative damage caused by ROS involves peroxidation of unsaturated fatty acids, the increase in LPO in the liver of the Mcys group indicates a scenario of oxidative stress. An increase in hepatic LPO caused by MC-LR exposure was reported by Prieto et al. (2006 Prieto et al. ( , 2007 in O. niloticus. These authors observed that MC-LR exposure of various different times and doses (7 days after 500 mg/Kg À1 via i.p and oral doses of 120 mg/fish of cells containing MC-LR, respectively) increased liver LPO. These authors and others like Atencio et al. (2008) , who worked with T. tinca (oral doses of 25 e 55 mg/fish of MC-LR) observed that the hepatic tissue was the most affected by LPO, corroborating our findings. According to Fischer et al. (2005) , this major hepatotoxicity of microcystins is due to the quantity of organic anion-transporting polypeptide (OATP) present in the liver. As these transporters are responsible for microcystin uptake, larger amounts of transporters result in more pronounced effects of the toxin in this tissue. There is an indication of a relation between increased LPO values and the inhibition of endogenous SOD-CAT system (Atencio et al., 2008) which is consider the first line of defense against oxygen toxicity . This relation has been reported by Prieto et al. (2006 Prieto et al. ( , 2007 and Atencio et al. (2008) and, by that argument, the inhibition of SOD-CAT system in the liver may have been the major mechanism responsible for the establishment of oxidative damage in our study. However, it is interesting that the MC-LR exposure did not affect cause significant protein oxidation in the liver. The occurrence of LPO with a concomitant absence of protein oxidation suggests that LPO is a more sensitive indicator of hepatotoxicosys in Brycon amazonicus (Atencio et al., 2008) .
Under normal conditions, the antioxidant defense system is capable of eliminating ROS produced by basal metabolism, thus protecting tissues against oxidative damage (Oliveira et al., 2004) . In gill tissue of the Mcys group, the scenario of reduced activity of SOD and GST, reductions in GSH levels, and the large increase in carbonyl protein content, together indicate oxidative stress with consequent oxidative damage. The GST are reported to be reliable biomarkers of environmental impacts caused by oxidative stress (Rodriguez-Ariza et al., 1991; Livingstone, 1998) such as caused by the microcystins (Pflugmacher et al., 1998) . The reduced GST activity in the gills can be related to the depletion of GSH, its substrate. The reduced SOD activity in gills of fishes exposed to MC-LR may have occurred by the same mechanism described in the liver, where acute doses of the toxin can elicit an inhibition of antioxidant responses (Atencio et al., 2008) . Moreover, SOD activity is also inhibited by high levels of H 2 O 2 from cupric (Cu 2þ ) and cuprous (Cu þ ) alterations on its structure, leading to an irreversible inactivation (Tarhan and Tuzmen, 2000) . This scenario is possible in gills tissue, as the main enzymes that work in H 2 O 2 dismutation (CAT and GPx) did not present changes in activity, which may have led to an increase in hydrogen peroxide. The absence of changes in CAT and GPx may be due the diffusion of H 2 O 2 to the surrounding water (Monteiro et al., 2013) across the gills, as reported by Wilhelm-Filho et al. (1994) in Yucatan molly Poecilia vellifera. Moreover, GSH depletion in gills may have limited GPx activity. Prieto et al. (2006 Prieto et al. ( , 2007 reported similar results in O. niloticus exposed to MC-LR, with no alteration in GPx activity in gills but significant increases in the liver. According to Nakamura et al. (1974) this reflects variable levels of GPx activity, which vary among tissues and are high in the liver.
GSH performs a central role in detoxification of electrophilic compounds and prevention of cellular oxidative stress (Hasspieler et al., 1994; Sies, 1999) . The major source of this peptide is synthesis in liver, which maintains a plasma concentration adequate for satisfactory antioxidant defense (Kaplowitz et al., 1985) . The reduced GSH in the gill tissue may be related to depletion of plasma contents, once the liver enzymes that depend on GSH (GST and GPx) increased their activities. This reduction in GSH observed in gills can impose limitations in dismantling ROS, raising the general oxidative potential (Elia et al., 2003) . Although not analyzed in this study, the GSH depletion in gills may have been related to inefficient recycling of oxidized glutathione (GSSG) back to reduced glutathione (GSH), by the enzyme glutathione reductase (GR) (Atencio et al., 2008) .
Although some studies indicate that gills are the most sensitive tissue to LPO induction by xenobiotics, due to lower antioxidant capacity in comparison to other organs , in this study there were no alterations in gill LPO levels of fishes exposed to MC-LR. There was, however, significant oxidative damage, as revealed by a large increase in the protein oxidation (PC) in gills of B. amazonicus exposed to MC-LR.
Increases in carbonyl content are related to the damage caused by oxidative stress (Shaeter et al., 1994) . The action of ROS can lead to formation of carbonyl derivatives in an irreversible process, leading to conformational alteration in proteins, reducing their catalytic activity and/or increasing their susceptibility to action of proteases (Almroth et al., 2005) . The investigation of microcystin's effects on protein oxidation in fishes are very scarce, and the few studies concentrate on the liver, such that the current study is the first to analyze effects in gills. Prieto et al. (2007) reported that PC contents in liver of O. niloticus, exposed to 120 mg/fish of cells containing MC-LR, increased by 1.5 and 1.3 times at 24 and 72 h, respectively. The large increase in PC, together the lack of LPO in gills of Brycon amazonicus exposed to MC-LR, may indicate that protein oxidation is a more sensitive indicator of oxidative damage caused by microcystin in gills of this species.
Conclusions and perspectives
This study revealed that MC-LR exposure induces oxidative stress in both liver and gills of Brycon amazonicus, although in different ways in each organ. In liver, oxidative damage was due to peroxidation of lipid membranes, with an increase in LPO levels. In gill tissue protein oxidation was the major form of oxidative damage caused by ROS accumulation.
The hepatic tissue of Mcys group fishes presented increases in activities of GST and GPx, however, this was not able to compensate against lipid peroxidation in this tissue. The antioxidant responses seem to have been inhibited by MC-LR exposure in gills, with SOD and GST, plus GSH levels, all decreased. This presumably, incapacitated this tissue's ability to restrain ROS formation, leading to the protein oxidation observed. These observations indicate that gill tissue is more sensitive to the effects of MC-LR than liver, in Brycon amazonicus.
These observations indicate that the gill tissue is the most sensitive to the effects of MC-LR in Brycon amazonicus.
In view of our findings and aware of the new approaches to MCs and their effects on several species of fish, there is a need for comparative studies to better understand the toxicity of MCs in Brazilian ichthyofauna. There is a great shortage of information about the fish species of the Brazilian basins, mainly regarding the actions of MCs. In this way any new information is of great value for the development of this field of study.
In this context, studies relating the molecular effects of MCs on the expression of proteins and genes linked to the metabolism of these toxins appear to be promising in the elucidation and characterization of MC toxicity in Brazilian fish. Our group has been analyzing the expression of proteins that appear to be affected by MCs (such as Ca 2þ ATPase) in different tissues. In addition, we are developing studies correlating cardiorespiratory responses with the occurrence of oxidative stress mediated by Mcs. Thus, we hope that our results will enrich and facilitate the understanding of the mechanisms of the toxicity of Mcs in the fish of our country.
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